Sick, very low birth weight preterm infants, who require mechanical ventilation for respiratory distress syndrome (RDS), are in constant disequilibrium with respect to processes involving bilirubin metabolism. Plasma bilirubin level is influenced by three processes: production, clearance, and tissue deposition. Perturbations in any of these processes may lead to significant changes in plasma bilirubin level. A prospective study was conducted to investigate the role of various factors possibly affecting plasma bilirubin level in preterm infants requiring mechanical ventilation for RDS during the first week of life.
SUBJECTS AND METHODS Patient Selection and Clinical Management
All infants with a birth weight of Ͻ1500 gm who were in need of mechanical ventilatory support and admitted to the neonatal intensive care unit were screened for enrollment to the study. The inclusion criteria were: (1) positive pressure ventilation with a diagnosis of RDS according to conventional criteria and (2) an appropriate weight for gestational age. Exclusion criteria included any of the following conditions: (1) hemolytic disease due to fetal/maternal blood incompatibility, (2) multiple ecchymoses, (3) acquired bacterial infection (confirmed by positive blood cultures), and (4) death in the first week of life. The study was approved by the hospital's Investigational Review Board; signed parental informed consent was obtained.
Gestational age was assessed by maternal dates and was confirmed using the method of Ballard et al. 1 All infants were managed using servo-controlled radiant warmers with anterior abdominal skin temperature set at 36.5°C to 36.8°C. An umbilical artery catheter was inserted for monitoring blood gases. All infants underwent evaluation for sepsis on admission and were treated with intravenous ampicillin (100/mg/kg per day) and gentamicin (2.5 mg/kg per day).
All infants were ventilated using the InfantStar (Nellcor Puritan Bennett, Pleasanton, CA) positive pressure ventilator and treated with exogenous surfactant. Blood gas samples were obtained as frequently as deemed necessary by the attending physician and housestaff. Data relating to ventilatory assistance were collected every 4 hours as follows: arterial PO 2 (PaO 2 ), arterial PCO 2 (PaCO 2 ), fractional inspired O 2 (FIO 2 ), and mean airway pressure (MAP). An arterial/alveolar PO 2 ratio (a/APO 2 ) was computed using the following equation: PaO 2 / (713 ϫ FIO 2 Ϫ PaCO 2 /0.8). An average value was obtained for the above variables for the first 2 days of life. In addition, an average corrected oxygenation index (OIc), computed as 100 ϫ a/APO 2 /MAP, was obtained for the first 2 days of life. The OIc as used in this study has not been published previously.
Original Article
When clinically feasible, feeding by gavage through a nasogastric tube was initiated. Data relating to daily weight and fluid and caloric intake were collected. Average values of these variables were computed for the first week of life.
Blood samples for total bilirubin were drawn on admission and every 8 hours thereafter for 7 days. The total serum bilirubin concentration was determined in duplicate by direct spectrophotometry. The infant's weight, a major factor influencing bilirubin level, 2 has been included in a bilirubin index (BI). The BI in the present study was calculated as follows: plasma bilirubin level (M/l)/[birth weight (gm)].
1/3 Coombs' test and direct bilirubin were determined on admission. All infants were started on white light phototherapy at the BI values shown in Table 1 .
Head ultrasound examinations were conducted as soon as feasible within the first 7 days of life, and intraventricular hemorrhage (IVH), if present, was graded according to the classification of Papile et al. 3 
Statistical Analysis
Pearson's correlation coefficients were calculated between BI and the following variables: (1) gestational age, (2) 5-minute Apgar score, (3) averaged MAP, (4) averaged a/APO 2 , (5) OIc, (6) mean fluid intake, (7) mean caloric intake, (8) age at onset of gavage feeds, (9) averaged percentage of weight change, and (10) IVH.
To obtain the proportion of BI variation explained by the above variables, a multiple linear regression analysis was conducted. Data are expressed as mean Ϯ SD.
RESULTS
Of 71 screened infants, 21 were excluded; the study group thus totaled 50 infants. Reasons for exclusion were as follows: bacterial infection (n ϭ 4), perinatal asphyxia (n ϭ 4), death in the first week of life (n ϭ 5), ecchymoses (n ϭ 6), and positive Coombs' test (n ϭ 2).
Clinical variables are described in Table 2 . A total of 12 of the 50 studied infants had IVH grade I, 9 had grade II, and 2 had grade III/ IV. Correlation coefficients between BI and various variables are shown in Table 3 . Statistically significant correlations with BI were demonstrated with IVH and the age at onset of gavage feeds. Table 4 shows the results of a multiple linear regression analysis indicating that IVH, age at onset of gavage feeds, OIc, and gestational age explained a significant proportion of the total BI variation. Cumulative percentages (R 2 ) of variation in B1 attributable to the above variables were 37.16%, 43.71%, 48.99%, and 53.31%, respectively.
DISCUSSION
The multiple regression analysis conducted in this study indicates that IVH, severity of lung disease as indicated by OIc, chronological age at onset of gavage feeds, and gestational age contribute significantly to the variation in BI in very low birth weight preterm infants mechanically ventilated for RDS. BI, as used in our study, minimizes the influence of birth weight on the peak serum bilirubin level and provides a comparable measure in disparate weight groups. BI values as defined in the present study were used as criteria for starting and discontinuing phototherapy. The BI in the present study differs from the one that has been published previously (plasma bilirubin [mg/dl]/weight [kg] ϫ 10). 2 Epstein et al. 2 pointed out that the presence of IVH in preterm infants weighing Ͻ1250 gm who required mechanical ventilation was significantly associated with increasing plasma bilirubin levels. Extravascular heme resulting from IVH constitutes an extraneous load on the liver, resulting in higher plasma bilirubin levels. Similarly, IVH contributed significantly to BI variation in the present study.
Almost all very low birth weight ventilated preterm infants develop hyperbilirubinemia. This observation prompts the question of whether bilirubin, which is considered a potentially toxic end product of the metabolism of heme, might also have a protective/adaptive role in the first days of life. A recently discovered property of bilirubin under in vitro conditions is its ability to combine with the oxygen-free radicals produced during oxidative stress in the neonatal period. A potent in vitro antioxidant, bilirubin acts as a free radical scavenger, inhibiting lipid peroxidation. 4 A recent study has indicated that plasma antioxidant capacity was related to bilirubin in a small group of nonventilated term and preterm infants. 5 Bilirubin itself is consumed in the tissues during oxidative stress in the first days of life in neonatal rats. 4, 6 Accumulating evidence suggests that oxidative stress plays a central role in the pathogenesis of lung diseases such as RDS and bronchopulmonary dysplasia. 7 Dennery et al. 6 studied rat pups and found decreased lipid peroxides in jaundiced pups compared with their nonjaundiced littermates. Valdes-Dapena et al. 8 described the lungs of 16 preterm infants who died of RDS in which bilirubin deposition caused yellow staining of pulmonary hyaline membranes. The investigators attributed these findings to hyperbilirubinemia and mechanical ventilation. Lung damage resulting from mechanical ventilation could enhance the efflux of plasma containing bilirubin across damaged capillary and alveolar walls, and its deposition into the hyaline membranes already formed. The deposition of bilirubin in the damaged lungs may result in alteration in its plasma levels. Oxygenation, as expressed by OIc, made a significant contribution to BI variation in the present study. Such an association could have resulted from consumption of bilirubin during oxidative stress and/or from its deposition in the damaged lungs. We have introduced a new definition of oxygenation index in the present study. Using a/APO 2 instead of PaO 2 provides a more uniform guide to oxygenation over the range of FIO 2 used. 9 The present study suggests that chronological age at onset of enteral feeds through gavage made a significant contribution to BI variation. Early studies 10, 11 indicated that delayed enteral feeding was associated with increased plasma bilirubin levels. It seems that increased intestinal absorption of bilirubin during fasting plays an important role in its metabolism during the neonatal period. The primary mechanism responsible for this appears to be an enhanced enterohepatic circulation. 12 The present study points out that a variation in BI is multifactorial. Entities quite distinct from RDS (such as nutrition and IVH) appear to explain a significant proportion of the variation in BI; however, further studies are required to establish causation. 
